Since a lot of theoretical predictions on the production of new particles (Higgs, SUSY) at the Tevatron are based on model estimations of the proton gluon density behavior at low x and high values of a transfered momentum Q 2 , the study of a possibility of a measurement of the gluon density in this kinematic region directly in Tevatron experiments is obviously of a big interest [1] .
1 Selection cuts and background suppression.
To estimate the efficiency of the selection criteria used in [1] [2] [3] [4] [5] we carried out the simulation 1 with a mixture of all QCD and SM subprocesses with large cross sections existing in PYTHIA [6] (namely, in notations of PYTHIA, with ISUB=1, 2, 11-20, 28-31, 53, 68). The events caused by this set of the subprocesses may give a large background to the "γ dir + jet" signal events defined by the subprocesses (1) and (2) 2 : "Compton-like" scattering qg → q + γ
and "annihilation" process→ g + γ
(ISUB=29 and 14) that were also included in the performed simulation. Three generations with the above-mentioned set of subprocesses were done. Each of them was fulfilled with a different value of the PYTHIA parameter CKIN(3) ≡p min ⊥ that defines the minimal value of parton P t appearing in the final state of a hard 2 → 2 parton level fundamental subprocess in the case of the initial state radiation (ISR) absence. These values werep min ⊥ = 40, 70 and 100 GeV /c. By 40 million events were generated for each of 1 PYTHIA 5.7 version with default CTEQ2L parameterization of structure functions is used here. 2 A contribution of another possible NLO channel gg → gγ (ISUB=115 in PYTHIA) was found to be still negligible even at Tevatron energies. thep min ⊥ value. The cross sections of the above-mentioned subprocesses define the rates of the corresponding physical events and, thus, serve during a simulation as weight factors.
We selected "γ dir -candidate +1 jet" events containing one γ dir -candidate (denoted in what follows asγ) and one jet (found by a subroutine LUCELL implemented in PYTHIA as a jetfinder) with P t jet > 30 GeV /c. Here and below, as we work at the PYTHIA particle level of simulation, speaking about the γ dir -candidate we actually mean, apart from γ dir , a set of particles like electrons, bremsstrahlung photons and also photons from neutral meson decays that may be registered in one D0 calorimeter 3 cell of the ∆η×∆φ = 0.1×0.1 size.
Below we consider a set of 17 cuts that are separated into 2 subsets: a set of the "photonic" cuts and a set of the "hadronic" ones. The first set consists of 5 cuts used to select an isolated photon candidate in some P tγ interval. The second one, that includes 12 cuts, deals mostly with jets and clusters and is used to select events having one "isolated jet" and a limited P t activity out of "γ + jet" system.
All of the cuts are listed in Table 1 . Their influence on the signal-to-background ratio S/B is presented in Table 2 (for a case of the most illustrative intermediate interval of event generation withp min ⊥ = 70 GeV /c) and Tables 3-5.  Tables 1 and 2 are complementary to each other. The numbers in the left-hand column ("Cut") of Table 2 coincide with the numbers of cuts listed in Table 1 .
The second and third columns of Table 2 contain, respectively, the numbers of signal direct photons (S) and background γ dir −candidates (B) left in the sample of events after application of each cut from Table 1 . The numbers of background events B do not include events with electrons that fake photon signal. Their numbers in the samples are presented separately in the last right-hand column "e ± ". The other columns of Table 2 include the values of efficiencies Ef f S(B) (with their errors) defined as a ratio of a number of the signal (background) events that passed under each of the cuts (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) to the number of the preselected events (1st cut of this table). They are followed by the column containing the values of S/B ratio. Tables 2-5 ).
GeV /c * ; 10. P t miss /P tγ ≤ 0.10; 2. P t isol ≤ 5 GeV /c, ǫγ < 15%; 11. P t clust < 20 GeV /c; 3. P tγ ≥p min ⊥ ; 12. P t clust < 15 GeV /c; 4. P t isol r ing ≤ 1 GeV /c * * ; 13. P t clust < 10 GeV /c;
15. P t out < 15 GeV /c; 7. N jet ≤ 2;
16. P t out < 10 GeV /c; 8. N jet = 1;
17. ǫ jet ≤ 3%. * maximal P t of a hadron in the ECAL cell containing a γ dir -candidate; * * A scalar sum of P t in the ring: P t sum (R = 0.4) − P t sum (R = 0.2).
Line number 1 of Table 1 contains four primary preselection criteria. It includes general P t cuts (1a), (1b) as well as the cut connected with the D0 electromagnetic calorimeter (ECAL) geometry (1c) and the cut (1d) that excludes γ dir -candidates accompanied by hadrons entering the same calorimeter cell asγ.
Line number 2 of Table 1 fixes the values of γ dir -candidate isolation parameters P t isol and ǫγ, i.e. the value of the scalar sum of P t of all particles surrounding γ dir -candidate within a cone of R γ isol = ((∆η) 2 + (∆φ) 2 ) 1/2 = 0.7 and its fraction ǫγ = P t isol /P tγ . The third cut selects the events with γ dir -candidate having P t higher thanp min ⊥ threshold. We impose this cut to select the samples of events with P tγ ≥ 40, 70 and 100 GeV /c as ISR may smear the sharp kinematical cutoff defined by CKIN(3) [6] . This cut reflects an experimental viewpoint when one is interested in how many events with γ dir -candidates are contained in some definite interval of P tγ .
The forth cut restricts a value of P t isol
is a sum of P t of all ECAL cells contained in the cone of the radius R around the cell fired by γ dir -candidate [8] , [9] . The fifth cut makes tighter the isolation criteria within R = 0.7 than those imposed onto γ dir -candidate in the second line of Table 1 . ( * ) The background (B) does not include the contribution from the "e ± events" (i.e. in which e ± fake γ-candidate) that is shown separately in the right-hand column "e ± ".
The cuts considered up to now, apart from general preselection cut P t jet ≥ 30 GeV /c, used in the first line of Table 1 , were connected with photon selection ("photonic" cuts).
The cuts 6-9 are connected with the selection of events having only one jet and the definition of jet-photon spatial orientation in φ-plane. The 9-th cut selects the events with jet and photon transverse momenta being "back-to-back" to each other in φ−plane within the angle interval of the ∆φ = 17
• size 4 . In line 10 we used the cut on P t miss to reduce the background contribution from the electroweak subprocesses q g → q ′ + W ± and′ → g + W ± with the subsequent decay W ± → e ± ν that leads to a substantial P t miss value (see plots in [4] ). One can see from the last column of Table 2 "e ± " that the cut on P t miss reduces strongly (in about 4 times) the number of events containing e ± as direct photon candidate. Moving further we see from Table 2 that the cuts 11-16 of Table 1 reduce the values of transverse momenta of clusters (mini-jets) P t clust and the modulus of a vector sum of all particles that are not included into the "γ + jet" system, i.e. P t out , down to the values less than 10 GeV /c. The 17-th cut of Table 1 imposes the jet isolation requirement. It leaves only the events with jets having the sum of P t in the ring of the ∆R = 0.3 size surrounding a jet to be less than 3% of P t jet . From comparison of the numbers in the 10-th and 17-th lines we make an important conclusion that all these new cuts (11) (12) (13) (14) (15) (16) (17) may lead to the following about two-fold improvement of S/B ratio 5 . This improvement is achieved due to a reduction of P t activity out of "γ + jet" system 6 . It is also important to mention that the total effect of "hadronic cuts" 6-17 for the case ofp min ⊥ = 70 GeV /c consists of about twelve-fold decrease of background contribution at the cost of less than four-fold loss of signal events (what results in about 3.2 times growth of S/B ratio). So, in this sense, we may conclude that from the viewpoint of S/B ratio a study of "γ + jet" events may be more preferable as compared with a case of inclusive photon production. Table 3 includes the numbers of signal and background events left in three generated event samples after application of cuts 1-16 and 1-17. They are given for all three intervals of P tγ . The summary of Table 2 is presented in the middle section (p min ⊥ = 70 GeV /c) of 5 One must keep in mind that the starting value of S/B ratio has a model dependent nature. 6 See [1] and [2] for a detailed definitions of P t out and jet isolation parameter ǫ jet . Table 3 where the line "Preselected" corresponds to the cut 1 of Table 1 and, respectively, to the line number 1 of Table 2 presented above. The line "After cuts" corresponds to the line 16 of Table 2 and line "+jet isolation" corresponds to the line 17 of Table 2 . Table 3 shows in more detail the origin of γ dir -candidates. The numbers in the column "γ − direct" correspond to the numbers of signal events caused by QCD subprocesses (1) and (2) left in each of P tγ intervals after application of the cuts defined in lines 1, 16 and 17 of Table 1 (see also column "S" of Table 2 ). Analogously, the numbers in the column "γ − brem" of Table 3 correspond to the numbers of events with the photons radiated from quarks participating in hard 2 → 2 parton interactions. Columns 5 -8 of Table 3 illustrate the numbers of the "γ − mes" events with photons originating from π 0 , η, ω and K 0 S meson decays. In a case ofp min ⊥ = 40 GeV /c the total numbers of background events, i.e. a sum over the numbers presented in columns 4 -8 of Table 3 , are shown in lines 1, 16 and 17 of column "B" of Table 2 .
The other lines of Table 3 forp min ⊥ = 40 and 100 GeV /c have the meaning analogous to that one described above forp min ⊥ = 70 GeV /c. The last column of Table 3 shows the number of preselected events with γ dir −candidates faked by e ± . One can see that atp min ⊥ = 40 GeV /c their contribution at the level of the last cut "+jet isol." of Table 3 (or cut 17 of Table 1 ) to the value of the considered total background is about 2% and grows up to 30% atp min ⊥ = 100 GeV /c. Furhter suppression of the events withγ = e ± depends on the value of track finding efficiency. Here we take the efficiency of each cut of Table 1 to be equal to 100% as we study the results of simulation at the particle level. For estimation of the size of possible detector effects one may take into account the value of a track finding efficiency in the central region (|η| < 0.9) of D0 detector ( [8] , [9] ) found in Run I to be about 83%.
The numbers in Tables 4 (without jet isolation Table 4 ) and 17-th (for Table 5 ) cuts from Table 2 .
It is seen from Table 4 that the ratio S/B grows from 2.9 to 21.1 while P tγ increases from P tγ ≥ 40 GeV /c to P tγ ≥ 100 GeV /c interval.
The jet isolation requirement (cut 17 from Table 1 ) noticeably improves the situation at low P tγ (see Table 5 ). After application of this criterion the value of S/B increases from 2.9 to 3.7 at P tγ ≥ 40 GeV /c while at P tγ ≥ 100 GeV /c the value of S/B changes only from 21.1 to 23.9 due to a tendency of the selected event sample to contain more events with an isolated jet as P tγ increases (see [1] and [2] ).
Let us underline here that, in contrast to other types of background, the "γ − brem" background has an irreducible nature. Thus, the number of "γ − brem" events should be carefully estimated for each P tγ interval using the particle level of simulation in the framework of event generators like PYTHIA. The contribution of "γ − brem" background must be taken into account in analysis of the experimental data on prompt photon production especially for high P t intervals where, as it is seen from Table 3 , it becomes a dominant one as compared with the contribution from "γ − mes" and "e ± " events 7 .
2 Event rates estimation at the Tevatron.
One of the promising channels for measurement of the proton gluon density, as was shown in [12] , is a high P t direct photon production pp(p) → γ dir + X. The region of high P t , reached by UA1 [13] , UA2 [14] , CDF [15] and D0 [8] extends up to P t ≈ 60 GeV /c and recently up to P t = 105 GeV /c [9] . These data together with the later ones (see references in [16] - [24] ) and recent E706 [25] and UA6 [26] results give an opportunity for tuning the form of gluon distribution (see [17] , [20] , [27] ). The rates and estimated cross sections of inclusive direct photon production at the LHC are given in [12] (see also [28] ).
Here for the same aim we consider the process pp → γ dir + 1 jet + X defined in the leading order by two QCD subprocesses (1) and (2) (for experimental results see [29] , [30] and references in [31] ). The analogous study for LHC energy was done in [2] , [3] and [31] .
The "γ dir + 1 jet" final state is more preferable than inclusive photon production γ dir + X from the viewpoint of extraction of information on gluon distribution. Indeed, in the case of inclusive direct photon production the cross section is given as an integral over partons distribution functions f a (x a , Q
2 ) (a = quark or gluon), while in the case of pp → γ dir + 1 jet + X for P t jet ≥ 30 GeV /c (i.e. in the region where "k t " smearing effects are not important, see [21] ) the cross section is expressed directly in terms of these distributions (see, for example, [19] ):
where
We used the following designations above: η 1 = η γ , η 2 = η jet ; P t = P t γ ; a,b = q,q, g; 3,4 = q,q, g, γ. Formula (3) and the knowledge of the results of independent measurements of q,q distributions allow the gluon distribution f g (x, Q 2 ) to be determined after account of selection efficiencies of γ dir -candidates and the contribution of background, left after the used selection cuts (1-13 of Table 1 ), as it was discussed in Section 1 keeping in mind this application.
In the previous works (e.g. see [1] [2] [3] ) a lot of details connected with the structure and topology of these events and the objects appearing in them were discussed. Having all this information we are in position to discuss an application of the "γ +jet" event samples selected with the proposed cuts and to estimate the rates of gluon-based subprocess (1) . Table 6 shows the percentage of "Compton-like" subprocess (1) (amounting to 100% together with (2)) in the samples of generated with PYTHIA events and then selected with cuts 1 -13 of Table 1 for different P t γ and η jet intervals: Central (CC, |η| < 0.7), Intercryostat (IC, 0.7 < |η| < 1.8) and End (EC, 1.8 < |η| < 2.5) calorimeter. In Table 7 we present the Q 2 (≡ (P t γ ) 2 ) and x (defined according to (4)) distribution of the number of events (for integrated luminosity L int = 3 f b −1 ) that are caused by subprocess (1) and passed cuts 1 -13 of Table 1 with P t isol < 4 GeV /c and ǫ γ < 7% (applied in the line 5) 8 . The analogous information for events caused by (1) with the charmed quarks g c → γ dir + c is presented in Table 8 . The simulation of the process g b → γ dir + b shows that the rates for b-quark are 8 -10 times lower than those for c-quark. Fig. 1 shows in the widely used (x, Q 2 ) kinematic plot (see [32] ) what area can be covered by studying the process q g → γ + q. The number of expected events in this area is given in Table 7 . From this figure and Table 7 it becomes clear that at integrated luminosity L int = 3 f b −1 it would be possible to study the gluon distribution with good statistics of "γ + jet" events in the region of small x at Q 2 about one order of magnitude higher than now reached at HERA [33] , [34] . It is worth emphasizing that extension of the experimentally reachable region at the Tevatron to the region of lower Q 2 overlapping with the area covered by HERA would also be of great interest (for instance, it would allow to test analytical solutions of DGLAP equations that describe Q 2 -evolution of structure functions at small values of x [35] . Figure 1 : The (x, Q 2 ) kinematic region for pp → γ dir + jet process.
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